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Purpose: 4-Hydroxynonenal (4-HNE) is an endogenous byproduct formed in the 
lipid peroxidation process of ω-6 polyunsaturated fatty acids in cells and tissues. 
Previous studies suggest that 4-HNE participates in a variety of oxidative stress 
related diseases, including eye diseases. The present research focuses on the oxidant 
role of 4-HNE in corneal epithelial and the underlying mechanism. 
Methods: Human corneal epithelial cell line (HCE) was used to establish the cell 
model. Cultured HCE cells were treated with different concentrations of 4-HNE. The 
effect of 4-HNE on cell viability was determined by CCK-8 assays. ROS production 
was detected by ﬂuorescent DCF assay using flow cytometry. The intracellular levels 
of key ROS markers and factors: 3-nitrotyrosine (3-NT), NADPH oxidase 4 (NOX4), 
NF-E2-related factor 2 (Nrf2), NAD(P)H dehydrogenase, quinone 1 (NQO1), 
Catalase (CAT) were determined by Immunofluorescence staining and Western 
blotting. Using classic antioxidant N-acetylcysteine (NAC) to validate the oxidant 
effects of 4-HNE on corneal epithelium cells. Wistar rats were applied to establish the 
animal model. 4-HNE was topically administered in rats. The pathological and 
histological changes of rat corneas were observed by slit-lamp photography and H&E 
staining, respectively. The level of 3-NT, NOX4, Nrf2, NQO1 and glutathione 
S-transferase (GSTP) in rat corneal tissue were also detected using quantitative 
real-time polymerase chain reaction (qRT-PCR), western blot and immunofluorescent 
staining. 
Results: 4-HNE (≥10μM) suppressed the cell viability of HCE in a concentration 
dependent manner. 4-HNE increased the production of ROS and the level of 3-NT in 
HCE cells. 4-HNE up-regulated the intracellular level of NOX4 and CAT. 4-HNE 
induced the activation of NRF2 and up-regulated the expression of NQO1. 
Furthermore, NAC antagonized the inhibitory and oxidant effects of 4-HNE on HCE 
cells. After topical application of 4-HNE, there were no apparent changes observed in 














of rats. 4-HNE elevated the NOX4 and activated the NRF2 and its downstream 
effectors: NQO1 and GSTP in rat corneas.  
Conclusions: The results revealed that 4-HNE induced oxidative stress in the 
corneal epithelium in vivo and in vitro, through regulating the ROS system. On one 
hand, 4-HNE increased the level of oxidative stress products and elevated the ROS 
generation enzyme in corneal epithelium, on the other hand, 4-HNE activated the cell 
antioxidant response and up-regulated the expression of the ROS degradation enzyme. 
We, for the first time, explored the oxidant effects and the underlying mechanism of 
4-HNE, an endogenous lipid peroxidation product, on corneal epithelium in vivo. Our 
novel experimental evidence can help to better understand the pathogenesis of 
oxidative stress related corneal diseases, provides a solid background for advanced 
and oriented applications not only in diagnosis and prevention but also molecular 
treatment of these diseases. 
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1.1  4-羟基壬烯醛(4-HNE)简介 
1.1.1  4-HNE 的生成与分布 
4-羟基壬烯醛 (4-Hydroxynonenal)，简称4-HNE或HNE，分子式为C9H16O2，
其生成机制及生物化学特性最早于1991年被研究报道[1]。4-HNE是一种含氧αβ不




























1.1.2  4-HNE 的生物活性 







1.1.2.1  4-HNE 与多肽和蛋白质反应 
多肽和蛋白质是4-HNE最重要的靶向生物分子，据估计细胞中生成的1-8%
的4-HNE都用来参与蛋白质的修饰[15]。研究发现4-HNE最易与蛋白质中三类含有
某种氨基酸残基的侧链发生加合反应，分别为半胱氨酸 (Cys)、组氨酸 (His) 与
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1.1.2.2  4-HNE 与脂质反应 
4-HNE能够与脂质反应的基础在于其本身的亲脂性，研究发现，4-HNE结合
的脂质主要为磷脂酰乙醇胺 (PE) 以及磷脂酰丝氨酸 (PS)。缩醛磷脂是PE的一
个重要亚类，是一种内源性的抗氧化剂，可减轻细胞氧化应激损害，当4-HNE结
合缩醛磷脂后会使其结构发生变化，进而使其丧失抗氧化功能[25, 26]。 




















1.1.3  4-HNE 的代谢 
既往在多种细胞中对4-HNE代谢形式与代谢速率进行过研究，其中大多数利
用[3H]-4-HNE示踪法。4-HNE的代谢主要通过三条途径：被谷胱甘肽转移酶 
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